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Ab.stract : Zero dimensional (OD) nondinear optical materials will have revolutionary implications in the future generation ol optical information 
systems. As a source of OD media quantum dots in the form of nanometer sized crysiallitc.s (nano crystals Ncs) embedded in dielectric polymer 
matiices are found to be less expensive chemical routes over molecular beam epitaxy (MBE) methods Of course, semiconductor clusters of few 
nanometers in si/c have attracted special attention because of their unique si/e dependent piopcrties. which include optical and physico-chemical 
propciiics Of all semiconductors, CdS has been used most frequently from a view point of the quantum size effect In semiconductor quantum dots a 
continuous energy spectrum of electrons and holes inherent in a bulk crystal is reduced to a number of discrete levels Accordingly, a set of absorption 
bands arises with the position controlled by the dot sue. A fimie size distribuiwn in real quantum dot ensembles as well as vanatifms in potential 
haulers and defect concentrations in local environment, result in homofteneous hroadennn* of the optual absorption and emission spectra In this 
icalm, the present paper focuses on the chemical route of production of CdS quantum dots on polymer matrix and consequent control of crystallite 
si/es The quantum dots thus prepared, arc examined by X-ray diffraction and optical spectia studies The consequent linking of the experimental 
observations to a theoretical model is also attempted in this paper Our investigations have shown that diffusion treatment of hydiogen sulphide is much 
more reliable over direct treatment in controlling the size of the nano-crystallitcs
Keywords * Nano-crystallites, semiconductor quantum dot, diffusion treatment
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1. Inirfxiuction
A s a p ro m is in g  s o u r c e  o f  d e v ic e  a p p l ic a t io n  e,g. p h o to n ic  
sw itc h in g , s in g le  e le c tro n  t r a n s is to r  (S E T )  a n d  o th e r  o p tic a l 
c o m m u n ic a tio n  a p p lic a t io n s ,  o p tic a l s tu d ie s  o f  q u a n tu m  d o ts  
h av e  p ro v id e d  v e ry  in te re s t in g  re s u lts .  IT ie  p h y s ic a l e f f e c ts  a re  
d o m in a n t  in  q u a s i  z e r o - d im e n s io n a l  s e m ic o n d u c to r  n a n o ­
s tru c tu re s . H ig h  q u a l i ty  s t r u c tu r e s  w h ic h  a re  c ro w d e d  w ith  
q u an tu m  d o ts  f o r  o p tic a l s tu d ie s  h a v e  b e c o m e  a v a ila b le  by  an  
n u m b er o f  d if f e re n t  te c h n o lo g ie s .  A p a r t  f ro m  h ig h ly  e x p e n s iv e  
and c o m p le x  m o le c u la r  b e a m  e p ita x y  p re p a ra tio n  te c h n iq u e , 
c h em ica l ro u te s  a ls o  p ro v id e  n a n o -c r y s ta l l i te s  a s  e f f ic ie n t as  
n io le c u la r  b e a m  e p ita x y  m e th o d . S e m ic o n d u c to r  q u a n tu m  d o ts  
in g lass  a n d  p o ly m e r  m a t r ic e s  h a v e  b e e n  th e  s u b je c t o f  m a n y  
th e o re tic a l a n d  e x p e r im e n ta l  in v e s t ig a t io n s  [1 -4 ] . P re v io u s ly , 
sev era l k in d  o f  th io ls  f u n c t io n a l  g ro u p  lik e  m e rc a p to e th a n o l 
(H O C H jC H jS H ) , m c r c a p to e th y la m in c  (H 3N C H 2C H 2S H ) etc.
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w e re  fo u n d  to  a c t a s  a d d it iv e  e le m e n ts  to  c o n tro l th e  s iz e  o f  C d S  
n a n o  p a r t ic le s  [5 ], T h e  p rc .scn t p a p e r  o u tl in e s  a  b r ie f  th e o ry  an d  
o u r  re c e n t e f fo r ts  to  p re p a re  C d S  q u a n tu m  d o ts  in n e w  p o ly m e r  
f i lm s  in  v ie w  o f  re le v a n t c h e m ic a l m e th o d s  o f  p ro d u c in g  h ig h ly  
c o n c e n t r a t e d  q u a n t u m  d o t s  o f  c o n t r o l l e d  s i z e s .  T h e  
c o r re s p o n d in g  o p tic a l a b s o rp tio n  a n d  e n e rg y  sh if t  w e re  s tu d ie d  
b y  U V  a n d  R a m a n  sp e c tra  re s p e c tiv e ly .
2 . E x p e r im e n ta l
A ro m a tic  so lid s  lik e  p o ly v in y l a lc o h o l , b e in g  g o o d  so lu te s  fo r  
w a te r , w e re  c h o se n  as p o ly m e r  m a tr ic e s . In  th e  a q u e o u s  (2 % ) 
so lu tio n  o f  p o ly v in y l a lc o h o l, c a d m iu m  c h lo r id e  w a s  a d d e d  w ith  
v a ry in g  c o n c e n tra tio n s  (1 ,2 ,3  w t% ) u n d e r  a  h ig h  s t ir r in g  ra te  
(2 0 0  rp m ) c o n d it io n . T h e  c o n s ta n t  te m p e ra tu re  w a s  m a in ta in e d  
u p to  7()"C fo r  3 h o u rs . T h e  s a m p le  u n d e r  p re p a ra tio n  w a s  k e p t 
w h o le  n ig h t  f o r  c o m p le te  d is s o lu t io n  to  g e t  a  t r a n s p a r e n t  
so lu tio n . A g a in  s t ir r in g  c o n d it io n  w a s  m a in ta in e d  a t le a s t u p to  
I h o u r  fo r  th e  s a id  te m p e ra tu re  a n d  k e p t  u n d is tu rb e d  fo r  s lo w
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c o o lin g  p ro c e s s . T o  th is  s o lu tio n , H 2S g as  w as p a s s e d  d ire c tly  
u p to  its  m a x im u m  a b so rb a n c e . T h e  C d S  f i lm s  w e re  c a s t  o v e r  
g la s s  s u b s tra te s  a n d  a llo w e d  to  d ry  in  a  c lo s e d  c h a m b e r  a t ro o m  
te m p e ra tu re  an d  th u s  k ep t read y  fo r su b se q u e n t e x p e rim e n ta tio n . 
F o r  a n o th e r  se t, th e  f i lm s  w e re  c a s t  a t f irs t th e n  k ep t in  an  
e n c lo s e d  v e s s e l a n d  a l lo w e d  to  s ta y  in  s e m i-d r y  c o n d it io n  
fo l lo w e d  b y  H 2S d if fu s io n  re a c t io n . T h e  s a m p le s  w e re  k e p t 
u n d is tu rb ed  fo r 2-3  d a y s  fo r  co m p le tio n  o f  th e  c h em ica l reac tio n s . 
T lic  C d S  film s  w ere  n o w  re a d y  fo r s u c c e s s iv e  e x p e r im e n ta tio n .
In  a n o th e r  te c h n iq u e , a m ix tu re  o f  s ty ren e , a c ry lic  a c id  (9 5 :5 ), 
b en zo y l p e ro x id e  (0 ,5 %  on  m o n o m e r w e ig h t) an d  m e th an o l w ere  
ta k e n  in  a  s to p p e re d  c o n ic a l f la sk . T h e  c o n te n ts  a re  th en  f lu sh e d  
w ith  d ry  n itro g e n  g as . P o ly m e r iz a tio n  o f  th e  c o -p o ly m e r  w a s  
c a r r i e d  o u t  a t  th e  c h o s e n  te m p e r a t u r e  (6 5 * ^ 0 . A f t e r  th e  
c o m p le tio n  o f  th e  e x p e r im e n t th e  film s w e re  c a s t u s in g  th e  sa m e  
c o -p o ly m e r . T h e  f ilm s  w e re  d r ie d  in  a  v a c u u m  o v e n  a t 4 0 ^C  
fo llo w e d  by  n e u tra lisa tio n  w ith  a m m o n ia  a n d  w a sh e d  re p e a te d ly  
w ith  d is ti lle d  w a te r  a n d  d r ie d  in  th e  sa m e  e n v iro n m e n t. T h e  
p o ly m e r  w a s  t r e a te d  w ith  C d C l^  (1.5%^ a p p r o x .)  s o lu t io n  
o v e rn ig h t. It w a s  fu r th e r  w a sh e d  re p e a te d ly  w ith  d is ti l le d  w a te r  
a n d  d r ie d .  F in a l ly ,  p a s s iv a t io n  a n d  e x p o s u r e  to  h y d r o g e n  
su lp h id e  g as  y ie ld s  n a n o -c ry s ta l l i te s  o f  C d S . A ll th e  p a ra m e te rs  
a n d  c o n d it io n s  o f  p re p a ra tio n  in  th e  v a r io u s  s te p s  h a v e  b e e n  
o p tim iz e d  by  tr ia l an d  erro r.
3. Results and discussion
X -ra y  d if f ra c t io n  s tu d ie s  in d ic a te d  th a t th e  C d S  n a n o p a r t ic le s  
c ry s ta ll iz e d  in  th e  c u b ic  P -p h a s e  in  c o n tra s t  to  th e  b u lk  m a te r ia l 
( F ig u r e  1 ). T h e  a v e r a g e  d im e n s io n  o f  th e  c r y s t a l l i t e s  a s
Figure 1. X-ray diffraction paltcm of CdS in Polymer matrix
d e te rm in e d  b y  S c h e r r e r  fo r m u la  ( if = A / W  c o s  6 , W b e in g  the 
fu ll w id th  at h a lf  m a x im a , 9  th e  B ra g g  a n g le )  a rc  8  n m , 2  nm , 
1 .5 n m  re s p e c tiv e ly . T h e  o p tic a l a b s o r p tio n  s p e c tra  ta k e n  in  the 
v is ib le  a n d  n e a r  U V  ra n g e  s h o w  a  c o n s id e ra b le  s h if t  o f  th e  onset 
o f  ab .so rp tio n  fro m  th e  b a n d  e d g e  o f  b u lk  C d S  (F ig u re  2 ). T he  
a b s o rp tio n  e d g e s  e x h ib i t  th e  c h a ra c te r is t ic  b lu e  sh if t. T h is  is a 
c le a r  e v id e n c e  o f  th e  sh if ts  in  th e  e n e rg y  le v e ls  o f  th e  e le c tro n s  
a n d  h o le s  c a u s e d  b y  th e  s tro n g  c o n f in e m e n t in th e  q u a n tu m  
d o ts .
O n e  c a n  in te rp re t th e  c a u s e  o f  b lu e  s h if t  w ith  th e  h e lp  o f  a 
s im p le  m o d e l . T h e  s e m ic o n d u c to r  p a r t ic le s  o f  h ig h  re fra c tiv e  
in d e x  w e r e  s u p p o s e d  to  b e  a s s e m b l e d  in  a  m e d i u m  ol 
c o m p a ra tiv e ly  lo w  re f ra c tiv e  in d e x  (p o ly m e r  m a tr ix )  so  th a t the 
p a r t ic le s  re m o v e  l ig h t f ro m  th e  in c id e n t lig h t b e a m  b o th  by 
s c a t te r in g  an d  a b so rp tio n . H o w e v e r , a b s o rp tio n  d o m in a te s  o v e r 
.sca tte ring . M o re o v e r , w h e n  th e  ra d iu s  o f  th e  b o u n d  e le c tro n s  in 
th e s e  s e m ic o n d u c to r  c ry s ta l l i te s  a p p ro a c h  th e  B o h r  c x c ito n ic  
ra d iu s  ( -  5 n m ); th e ir  e le c tro n ic  a n d  o p tic a l p ro p e r tie s  s ta rt 
ch a n g in g . T h is  is th e  so -c a lle d  q u a n tu m  size  e ffe c t [6 ]. In genera l, 
w h e n  th e  e n e rg y  o f  th e  in c id e n t l ig h t is la rg e r  th a n  th e  b an d  
g a p , th e  e le c tro n s  c a n  b e  e x c ite d  in to  c o n d u c tio n  b a n d  le a v in g  
b e h in d  h o le s  in  th e  v a le n c e  b a n d . T h e  e n e rg y  le v e ls  o f  the 
e le c tro n  o r  h o le  c a n  be o b ta in e d  fo r  a  s p h e r ic a l q u a n tu m  d o t o f  
ra d iu s  /*, w ith  in f in i te  b a r r ie r  a t th e  d o t p o ly m e r  in tc r f c jc .  T h e se  
a re  g iv e n  by
0 .0 3 8 2
/  W o)
a nj
fo r  th e  h o le  an d
, , ,  0 .0 3 8 2  ,
fo r  th e  e le c tro n .
( 1)
Figure 2, Absorption spectra of CdS in and near UV regime.
T h e  e n e r g y  v a l u e s  a s  g i v e n  a b o v e  a r e  e x p r e s s e d  
c o n v e n ie n tly  in  u n its  o f  e V  w ith  R in  u n its  o f  n w  fo r  q u a n tu m  
s ta te s  c h a ra c te r iz e d  b y  th e  q u a n tu m  n u m b e rs  {n, / ) , / * =  1, 2 . 3,
4 . a n d  / = 0 , 1 , 2 , 3 . . . .  a n d  oc^  j  is th e  S p h e ric a l B e sse l fu n c tio n  o f  
o rd e r  u n ity  ; a n d  a re  e f f e c t iv e  b a n d  m a s se s  o f  th e  h o le  
a n d  e le c tro n  re s p e c tiv e ly , is  th e  f re e  e le c tro n  m a s s  a n d  is 
th e  e n e rg y  b an d  g a p  o f  th e  se m ic o n d u c to r . S e le c tio n  ru le s  p e rm it 
tra n s it io n s  s a t is fy in g  5  n  =  0  a n d  5  / =  0 .  T h e  b lu e  sh if t sp e c tra l 
b e h a v io u r  a c c o rd in g  to  th is  m o d e l fo l lo w s  th e  HR^ b e h a v io u r . 
I 1 ic  a b s o rp tio n  s p e c tra  h e re  s h o w s  a  b lu e  sh if t w ith  p a r t ic le  
s iz e  (R )  d e c re a s in g  ( s a m p le s  S , ,  8 2 * S 3 ) a n d  a  la rg e  c o m p o n e n t 
o f  ir re g u la r  b ro a d e n in g  o f  th e  p e a k s  fo u n d  d u e  to  sm a ll c lu s te r  
s iz e s  (F ig u re  I) .
M ie  h a s  fo rm u la te d  th e  th e o ry  o f  o p tic a l a b s o rp tio n  fo r  th e  
sm a ll c o n d u c tin g  sp h e re s  in  th e  c o llo id s  [7 ]. In  o u r  c a se , w e  
b e lie v e  th a t th e  n a n o -c r y s ta l l i te s  a s  sm a ll  c o n d u c tin g  sp h e re s  
p o s i t io n e d  s o m e w h e re  in  th e  p o ly m e r  m a tr ix . T h e  fo rm u la t io n  
c o u ld  g iv e  a  s a t is fa c to ry  d e s c r ip tio n  o f  th e  a b so rp tio n  b e h a v io u r
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in the U V  a n d  n e a r  v is ib le  ra n g e . T h e  re c ip ro c a l a b so rp tio n  
length  a  s a t is f ie s  th e  re la t io n
ahv = c o n s t .  (hv-E^f , (2)
where n a s s u m e s  th e  v a lu e  0.5 f o r  a  d ire c t t r a n s it io n  a n d  2 fo r  an 
indirect o n e . A s  a  c o n s e q u e n c e , th e  th re s h o ld  e x c ita tio n  re q u ire s  
a c o n tr ib u tio n  o f  la t t ic e  p h o n o n s  in  o rd e r  to  c o m p e n s a te  fo r  th e  
ch an g e  in th e  w a v e  v e c to r  d u r in g  th e  tr a n s i t io n  [ 8 ]. T h is  th e o ry  
IS valid  fo r  e x tin c t io n  sp e c tru m  in  th e  a b s e n c e  o f  q u a n tu m  s iz e  
e ffects. F o r  C d S , th e  re c ip ro c a l  a b s o r p tio n  le n g th  n e a r  th e  b a n d  
ed g e  s h o w e d  e x p o n e n t ia l  d e p e n d e n c e  o n  p h o to n  e n e rg y  as  
a -expiPhv  / IcT), p  h a s  a  v a lu e  2.1 fo r  s in g le  c ry s ta ls  (9 ]. 
Now o n e  m ig h t  th in k  o f  in d e p e n d e n t  s c a i le r c r s  a s  sm a ll an d  
ran d o m ly  o r ie n te d  s p h e re s ,  th e  m e a n  s e p a ra tio n  o f  w h ic h  is 
la rg e r  th a n  th e  w a v e  l e n g th  o f  in c id e n t  l ig h t  a n d  p a r t ic le  
d im e n s io n s  a re  m u c h  s m a lle r  th a n  th e  in c id e n t  l ig h t (/?  «  A ). 
We d e fin e  th e  c o m p le x  d ie le c tr ic  c o n s ta n t  as
■A-; (3)
w here  n  ^ a n d  a re  th e  r e f ra c t iv e  in d e x  o f  th e  p a r t ic le  an d  th e  
a b s o r p t io n  in d e x  w h ic h  is  p r o p o r t i o n a l  to  th e  r e c ip r o c a l  
ab so rp tio n  le n g th  oc^  ^ w ith in  th e  p a r t ic le  fo r  lig h t re la te d  w ith
ihc w a v e le n g th ,  kp Ak . T h e  im a g in a r y  p a r t  o f  th e
d ie le c tr ic  c o n s ta n t  is a  d i r e c t  m e a s u re  o f  th e  l ig h t a b s o rp tio n  by 
ih c  p a r t i c l e s .  I t  i n c r e a s e s  s t e e p ly  n e a r  th e  f u n d a m e n ta l  
a b so rp tio n  e d g e .
T h e  e f f e c ts  a r is in g  fro m  th e  sp a tia l  c o n f in e m e n t o f  c h a rg e  
ca rr ie r in s e m ic o n d u c to rs  h a v e  a ls o  b e e n  th e  su b je c t o f  in te n s iv e  
in v e s tig a tio n s  [1 0 , 1 1 |.  E a r l ie r  o b s e r v a tio n s  o f  c o n f in e m e n t 
e ffe c ts  in  th e s e  s y s te m s  c o n c e rn e d  sm a ll C d S  p a r t ic le s  in g la s s  
m a tric e s  [1 2 , 131. Q u a n tu m  s iz e  e f f e c ts  a re  e x p e c te d  to  o c c u r  
w h en  th e  B o h r  r a d iu s  o f  th e  f ir s t  e x c i lo n  in  s e m ic o n d u c to r  
b eco m e s c o m p a ra b le  w ith  o r  la rg e r  th a n  th a t o f  th e  p a r tic le . T lic  
B o h r ra d iu s  r^ d e p e n d s  o n  th e  d ie le c tr ic  c o n s ta n t  e a s  p e r  th e  
re la tion
ra =  h^e^Ei ( e ^ n n / ^ ). (4)
C o n s id e r in g  e a s  its  re a l p a r t , th e  c o n tr ib u tio n  fro m  cq . (3 )  in 
the c a se  o f  C d S  is fo u n d  to  b e  8 .9  a n d  nf^  =  m 7  y ie ld in g  fo r th e
^'Igurc 3. Raman spectra of CdS films prepared from 1:4 CdCI, and 
Polyvinyl alcohol for 1 and 3 wt% CdCl^ solution for diffusion H,S.
B o h r  ra d iu s  o f  th e  e le c tro n  ~ 2 4  A . C h a rg e  c a r r ie r  c o n f in e m e n ts  
sh o u ld  b e c o m e  n o tic a b le  w h e n  C d S  p a r t ic le  ra d iu s  d e c re a s e s  
b e lo w  th is  v a lu e .
F o r  th e  s a m p le s  p re p a re d  by d if fu s io n , it is  fo u n d  th a t 
fo r  th e  s to ic h io m e tr ic  ra tio  1 :4  o f  C dC l-, a n d  p o ly v in y l a lc o h o l , 
the m a x im u m  sh ift (p eak ) is 295  c m ‘ ‘ co rre sp o n d in g  to  nonnali.sed  
in ten s ity  ~ 3 0 0  cp s ; w h e re a s  fo r 1:15 ra tio , th e  m a x im u m  p e a k  is 
o b se rv e d  at 3 4 9  c m  ' fo r  n o rm a lis e d  b e a m  in te n s i ty  -  32CX) cp s. 
It c le a rly  sh o w s th a t th e  p a rtic le  d im e n s io n  b e in g  sm a lle r, u n ab le  
to  s c a t te r  lig h t at th e  lo w  e n e rg y  re g im e  (F ig u re s  3 a n d  4 ).
Figure 4. Ruinan spectra ol Cd.S film prepared from I IS CdCI, and 
polyvinyl alcohol 1 soluljon of CdCl, tor diffusion H,S
A g a in , th e re  is  a  c o n s id e ra b le  sh if t o f  p e a k  fro m  29 5  to  348  
found  for m in o r c h an g e  in CdCU co n cen tra tio n , c la im in g  o p tim u m  
v a lu e  fo r  c o n tr o l le d  c r y s ta l l i t e s .  H o w e v e r , fo r  th e  s a m p le s  
p re p a re d  by  d ire c t H ,S  tre a tm e n t, th e re  is n o  s ig n if ic a n t v a ria tio n  
o f  p e a k  w h ic h  c o n f i rm s  th a t th e  d if fu s io n  tre a tm e n t m ay  h av e  
w id e  sc o p e  o f  c o n tro l l in g  th e  d im e n s io n  o f  th e  q u a n tu m  d o ts  
a .s s e m b lc d  in  th e  p o ly m e r  h o s t  m a tr ix  c o m p a r e d  to  th o s e  
p re p a re d  b y  d ire c t t r e a tm e n t as  a s s e s s e d  fro m  F ig u re  5.
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Figure 5. Raman spectra of CdS samples prepared from I 4 CdCl, 
and Polyvinyl alcohol for I and 3 wt% CdCl, solution in direct H,S 
treatment
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